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(57) ABSTRACT 

Amethod and an apparatus for providing lossy compression 
of digital images on a per image basis. The system user is 
able to manually vary the degree or level of compression 
applied to a frozen image frame using a rotary dial. Each 
resulting compressed image can be vieWed in real-time on 
the display monitor. The user must determine the highest 
compression level Which still provides an image having 
suf?cient diagnostic quality in the region of interest. This 
concept can be applied to any imaging device Which stores 
images in internal memory or sends images for storage to 
external memory. 
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METHOD AND APPARATUS FOR STORING 
IMAGE FRAME WITH USER-SELECTED 

COMPRESSION 

FIELD OF THE INVENTION 

This invention generally relates to imaging systems. In 
particular, the invention relates to the storage of digital 
images in memory, Whether that memory is incorporated in 
or connected to the imaging system. Although the ?eld of the 
invention is Wide, encompassing digital imaging systems, 
the preferred embodiment of the invention Will be disclosed 
With reference to an ultrasound imaging system used in 
medical diagnostics, With the understanding that the inven 
tion has application in other types of ultrasound imagers as 
Well as digital imagers other than ultrasound imagers. 

BACKGROUND OF THE INVENTION 

Conventional ultrasound imagers create tWo-dimensional 
images of biological tissue by scanning a focused ultrasound 
beam in a scan plane and for each transmitted beam, 
detecting the ultrasound Wave energy returned along a 
respective scan line in the scan plane. A single scan line (or 
small localiZed group of scan lines) is acquired by trans 
mitting focused ultrasound energy at a point, and then 
receiving the re?ected energy over time. A B-mode ultra 
sound image is composed of multiple image scan lines. The 
brightness of a piXel on the display screen is based on the 
intensity of the echo returned from the biological tissue 
being scanned. The outputs of receive beamformer channels 
are coherently summed to form a respective pixel intensity 
value for each sample volume in the scanned object. These 
piXel intensity values are log-compressed, scan-converted 
and then displayed as a B-mode image of the anatomy Which 
Was scanned. 

If the ultrasound probe is sWept over an area of body, a 
succession of image frames (corresponding to spaced slices 
intersecting the body being examined) can be displayed on 
the monitor. In one type of ultrasound imaging system, a 
long sequence of the most recent images are stored and 
continuously updated automatically in a cine memory on a 
?rst-in, ?rst-out basis. The cine memory is like a circular 
image buffer that runs in the background, capturing image 
data that is displayed in real time to the user. The cine 
memory acts as a buffer for transfer of images to digital 
archival devices via the host computer. When the user 
freeZes the system (by operation of an appropriate device on 
an operator interface), the user has the capability to vieW 
image data previously captured in cine memory. The image 
loop stored in cine memory can be revieWed on the display 
monitor via trackball control incorporated in the operator 
interface, and a section of the image loop can be selected for 
hard disk storage. Any acquired or projected image can be 
stored internally on the system hard disk or on a magneto 
optical disk (MOD) inserted in a disk drive. 

In addition to storing images internally, modern imaging 
systems need to be able to transfer images to various types 
of remote devices, such as storage devices, via a commu 
nications netWork. To successfully transfer images, the rel 
evant netWorking features of the imager must be compatible 
With the netWorking features of the destination remote 
device. In particular, the imager must place the data to be 
transferred in a format Which can be handled by the desti 
nation remote device. An attempt to accomplish the forego 
ing is the adoption of the DICOM (Digital Imaging and 
Communications in Medicine) standards, Which specify the 
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2 
conformance requirements for the relevant netWorking fea 
tures. The DICOM standards are intended for use in com 
municating medical digital images among printers, 
Workstations, acquisition modules (such as an ultrasound 
imaging system) and ?le servers. The acquisition module is 
programmed to transfer data in a format Which complies 
With the DICOM standards, While the receiving device is 
programmed to receive data Which has been formatted in 
compliance With those same DICOM standards. 
The DICOM system is designed to facilitate the commu 

nication of digital images of different types, e.g., X-ray, 
computeriZed tomography, magnetic resonance and ultra 
sound imaging. All DICOM activities are handled in a 
queued manner by application softWare running on a host 
computer incorporated in the imager. In one type of ultra 
sound imager, the user can select any image in cine memory 
to be sent in DICOM format via a LAN to a remote device 
having DICOM capability. The host computer of the ultra 
sound imaging system is programmed With DICOM system 
softWare Which facilitates transmission of image frames 
from the cine memory to the remote DICOM device via the 
host computer hard disk and the LAN. 

In the conventional ultrasound imager, images can be sent 
to a storage device in either an automatic or a manual mode, 
depending on the user con?guration. When the automatic 
mode is con?gured, console keys are used to capture the 
image and to store it on the hard disk. The request is queued 
to a DICOM queue manager (preferably implemented in 
softWare), Which requests an association With the destination 
remote storage device. After the association With the remote 
storage device has been opened, the queue manager 
“pushes” the image to the remote storage device Without 
user intervention. The transfer is done in the background 
While scanning or other operator activities continue. In the 
manual mode, the captured images are archived on the hard 
disk or on a MOD during the eXam(s). Upon completion of 
the eXam(s) the images are tagged using an archive menu 
and queued to any of the netWork devices that have been 
con?gured on the imager. The images are sent sequentially 
in the background While scanning or other operator activities 
proceed. 
One of the current problems in the medical industry is the 

large amount of digital image data Which needs to be stored, 
requiring vast memory capacity. For eXample, all of the 
images produced by an ultrasound imaging machine are of 
static siZes (about 385 kilobytes for black/White image 
frames and about 1 megabyte for color images. As the 
number of digital images being saved increases, so does the 
amount of hard disk space Which is required. Because 
increases in the hard disk space capacity result in corre 
sponding increases in operating costs, hospitals and clinic 
are seeking Ways to decrease the amount of hard disk space 
used. 
One solution to the foregoing problem is data compres 

sion. Data compression involves techniques for storing data 
in a format that requires less space than usual. Compressing 
data is the same as packing data. There are a variety of data 
compression techniques. 

Lossless compression refers to data compression tech 
niques in Which no data is lost. For most types of data, 
lossless compression techniques can reduce the space 
needed by only about 50%, i.e., lossless compression tech 
niques achieve a compression ratio at best of about 2:1. For 
greater compression, one must use a lossy compression 
technique. 

Lossy compression refers to data compression techniques 
in Which some amount of data is lost. Lossy compression 
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technologies attempt to eliminate redundant or unnecessary 
information. Only certain types of data, e.g., graphics, audio, 
and video, can tolerate lossy compression. One knoWn lossy 
data compression technique is JPEG, Which stands for Joint 
Photographic Experts Group. JPEG is a lossy compression 
technique for color images. Although it can reduce ?les siZes 
to about 5% of their normal siZe, i.e., achieving a compres 
sion ratio of up to 20:1, some of the original data is lost in 
the compression. The resulting image degradation can be 
detrimental in the conteXt of medical diagnostic imaging. 

HoWever, it is possible to compress images, using lossy 
techniques, With a compression ratio of up to 20:1, While still 
maintaining diagnostic quality. It should be noted that the 
compression ratio Would vary from one image to the neXt in 
terms of maintaining diagnostic quality. For eXample, an 
image With primarily black on it Will support a higher 
compression ratio than an image that had a more compleX 
image With multiple colors. NoW, it is clear that not all 
images Will have the same compression ratio. As used 
herein, the term “diagnostic quality” means that the images 
have sufficient detail to enable them to be reliably used by 
a physician in making a diagnosis of the subject’s medical 
condition. 

Studies have shoWn that lossy compression, up to a 
certain compression ratio, provides images Which are 
acceptable for use in clinical diagnosis. HoWever, the 
acceptable compression ratio Will vary on a per image basis. 
This being the case, it Would be very difficult for a picture 
archiving and communications system (PACS) or other 
receiving device to perform lossy compression 
automatically, since the receiving device Will receive many 
images from many vendors, all requiring different compres 
sion ratios of acceptance. Moreover, the compression ratio 
Will vary from one image to the neXt in terms of maintaining 
diagnostic quality. For eXample, an image With primarily 
black in it Will support a higher compression ratio than an 
image that has multiple colors. Thus, not all images require 
the same compression ratio to maintain an acceptable level 
of diagnostic quality. 

Thus there is a need for a method and an apparatus for 
providing lossy compression of digital images on a per 
image basis. 

SUMMARY OF THE INVENTION 

The present invention is a method and an apparatus for 
providing lossy compression of digital images on a per 
image basis. In accordance With the preferred embodiments 
of the invention, the system user is able to manually vary the 
degree or level of compression applied to a froZen image 
frame, vieW each resulting compressed image on the display 
monitor, and determine the highest compression level Which 
still provides an image having suf?cient diagnostic quality in 
the region of interest. 

The concept of the invention can be applied to any 
imaging device Which stores images in internal memory or 
sends images for storage to eXternal memory. In particular, 
the invention has application in medical diagnostic imaging 
devices, such as ultrasound scanners, computer-aided tomo 
graphic scanners, magnetic resonance imagers, and so forth. 
In accordance With the preferred embodiments of the 
invention, the image data in an image frame undergoes 
lossless compression prior to storage in memory, using a 
level of compression or a compression ratio Which is 
selected by the system user. 

In accordance With the preferred embodiments of the 
invention, an operator input device is provided on the 
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4 
imaging system that alloWs the user to manually vary the 
level of compression or the compression ratio While vieWing 
each compressed image. The level of compression or the 
compression ratio could be set by turning a dial, by manipu 
lating keys on a keyboard, by translating a calibrated sliding 
mechanism, by interacting With virtual, i.e., soft, keys of a 
graphical user interface, or any other suitable operator input 
device. 

The method in accordance With one preferred embodi 
ment of the invention comprises the folloWing steps. During 
an examination performed on an ultrasound imaging system, 
the system user Will scan a patient by moving a hand-held 
ultrasound probe over the surface of a part of the patient’s 
anatomy. When the user has found an image of interest, the 
user Will then operate an input device Which actuates a 
freeZe image function. In response to actuation of the freeZe 
image function, the image is froZen on the display monitor 
of the imaging system. Typically, the frame of image data 
corresponding to the froZen image is stored in a cine 
memory (along With a sequence of the preceding image 
frames). 

After the image of interest has been froZen, the user can 
begin to compress the image data for that image by operating 
the variable compression input device. As the level of 
compression is adjusted, a neW image having the adjusted 
compression level is automatically displayed on the screen. 

In accordance With the preferred embodiment of the 
invention, the frame of image data corresponding to the 
original froZen image is alWays maintained in memory in 
uncompressed form. This is important, as the compression is 
lossy, so the original image must be maintained to alloW the 
user to decrement the level of compression or the compres 
sion ratio. Each neWly compressed image is derived by 
applying a respective level of compression to the original 
frame of uncompressed image data. Only the most recently 
compressed image is also stored temporarily in the cine 
memory and then displayed, the neXt most recent com 
pressed image being overWritten in cine memory at that 
time. 
As the scanner receives signals from the user input device 

to adjust the compression level, the neWly adjusted image 
frame is displayed on the screen in real-time. The user can 
then stop adjusting the compression at the point Where 
he/she has determined the image to still have an acceptable 
clinically diagnostic quality. When the system user decides 
that the compressed image being vieWed is acceptable for 
storage, the user Will then operate an input device Which 
actuates a save image function. In response to actuation of 
the save image function, the compressed version of the 
froZen image is captured from cine memory and stored in the 
destination storage device, Whether the latter is the imaging 
system hard disk, a storage device connected to the imaging 
system via a netWork or any other storage device. Thus once 
the user has selected the appropriate compression level, the 
user can then save that image. With this method, the amount 
of data stored for each image Will vary. The overall result 
Will be saved disk space While maintaining diagnostic qual 
ity. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram shoWing a conventional ultra 
sound imaging system of the type Which can be programmed 
to have user-selectable variable compression capability in 
accordance With preferred embodiments of the invention. 

FIG. 2 is a block diagram shoWing an ultrasound imaging 
system having user-selectable variable compression capa 
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bility and connected to a DICOM network in accordance 
With a preferred embodiment of the invention. 

FIG. 3 is a block diagram showing the ultrasound imaging 
system of FIG. 1 in more detail. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

FIG. 1 shoWs a conventional computerized ultrasound 
imaging system Which can be programmed to have the 
user-selectable variable data compression capability dis 
closed herein. The type of imaging system depicted in FIG. 
1 has a B mode Whereby the imager creates tWo-dimensional 
images of tissue and/or blood How in Which the intensity of 
each piXel is a function of the amplitude of the echo returned 
from a corresponding sample volume. The basic signal 
processing chain is as folloWs. 
An ultrasound transducer array 2 is activated by a trans 

mitter in a beamformer 4 to transmit an acoustic burst Which 
is focused at a point or Zone along a scan line. The return RF 
signals are detected by the transducer elements and then 
dynamically focused to form a receive beam by a receiver in 
the beamformer 4. The receive beamformer output data (I/Q 
or RF) for each scan line is passed through a B-mode 
processing chain 6, Which preferably includes 
demodulation, ?ltering, envelope detection, logarithmic 
compression and edge enhancement. 

Depending on the scan geometry, up to a feW hundred 
receive vectors may be used to form a single acoustic image 
frame. To smooth the temporal transition from one acoustic 
frame to the neXt, some acoustic frame averaging 8 may be 
performed before scan conversion. In general, the log 
compressed display data is converted by the scan converter 
10 into X-Y format for video display. On some systems, 
frame averaging may be performed on the X-Y data 
(indicated by dashed block 12) rather than the acoustic 
frames before scan conversion, and sometimes duplicate 
video frames may be inserted betWeen acoustic frames in 
order to achieve a given video display frame rate. The 
scan-converted frames are passed to a video processor 14, 
Which maps the video data using a gray-scale mapping. The 
gray-scaled image frames are then sent to a video monitor 18 
for display. 

System control is centered in a host computer 20, Which 
accepts operator inputs through an operator interface 22 and 
in turn controls the various subsystems. (In FIG. 1, only the 
image data transfer paths are depicted.) The operator inter 
face comprises a keyboard, a trackball, a multiplicity of 
pushbuttons, and other input devices such as sliding and 
rotary knobs. 

During imaging, a long sequence of the most recent 
images are stored and continuously updated automatically in 
a cine memory 16. Some systems are designed to save the 
R-@ acoustic images (this data path is indicated by the 
dashed line in FIG. 1), While other systems store the X-Y 
video images. The image loop stored in cine memory 16 can 
be revieWed via trackball control, and a section of the image 
loop can be selected for hard disk storage. 

In accordance With the preferred embodiments of the 
invention, the host computer 20 is programmed With a 
variable compression capability Which alloWs the system 
operator to compress the image data of a froZen frame to a 
level Which can be varied. In particular, the variable com 
pression softWare Will vary the amount of compression 
applied to the froZen frame of image data as a function of the 
compression setting input by the system operator. 

The method in accordance With one preferred embodi 
ment of the invention comprises the folloWing steps. During 
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an examination performed on the ultrasound imaging 
system, the system operator Will scan a patient by moving a 
hand-held ultrasound probe 2 over the surface of a part of the 
patient’s anatomy. When the user has found an image of 
interest, the user Will then operate an input device on the 
operator interface 22 Which actuates a freeZe image function, 
e.g., a so-called FreeZe button. The FreeZe input device may 
be a physical button Which the system operator depresses or 
a virtual button on a graphical user interface Which the 
system operator clicks on. In response to actuation of the 
freeZe image function, the image is froZen on the display 
monitor 18. Typically, the frame of image data correspond 
ing to the froZen image is stored in the cine memory 16 
(along With a sequence of the preceding image frames). 

After the image of interest has been froZen, the user can 
begin to compress the image data for that image by turning 
a variable compression dial clockWise. The variable com 
pression dial is part of the operator interface 22. With each 
click of the compression dial, a neW image Will be displayed 
in real-time on the screen, each neW image having a level of 
compression Which increases incrementally With each click. 
Each click of the dial in the clockWise direction increments 
the compression ratio by some prede?ned amount (for 
example, 1%). Each click of the dial in the counter 
clockWise direction Will decrement the compression ratio by 
the same prede?ned amount. As the dial is turned one Way 
or the other, the level of compression is adjusted accordingly 
and a neW image having the adjusted compression level is 
automatically displayed on the screen. 

In accordance With the preferred embodiment of the 
invention, the frame of image data corresponding to the 
original froZen image is alWays maintained in cine memory 
16 in uncompressed form. This is important, as the com 
pression is lossy, so the original image must be maintained 
to alloW the user to decrement the level of compression or 
the compression ratio. Each neWly compressed image is 
derived by the host computer 20 by applying a respective 
level of compression to the original frame of uncompressed 
image data Which is retrieved from cine memory. After is 
data compression, the host computer 20 returns the com 
pressed image to the cine memory 16 for display on the 
monitor 18. Only the most recently compressed image is 
stored temporarily in the cine memory 16, the neXt most 
recent compressed image being overWritten in cine memory 
at that time. 

As the host computer 20 receives signals from the opera 
tor interface 22 to adjust the compression level, the neWly 
adjusted image frame is displayed on the screen in real-time. 
The system operator can then stop adjusting the compression 
at the point Where the operator has determined the image to 
still have an acceptable clinically diagnostic quality. When 
the system operator decides that the compressed image 
being vieWed is acceptable for storage, he/she Will then 
operate an input device (on the operator interface 22) to 
capture the compressed image permanently. 

Referring to FIG. 2, if the system operator Wishes to save 
the compressed image to the imaging system hard disk; 21, 
the operator actuates a save image function. Again the save 
image input device may be either a physical button 
depressed by the system operator or a virtual button on a 
graphical user interface Which the system operator clicks on. 
In response to actuation of the save image function, the 
compressed version of the froZen image is captured from 
cine memory 21 and stored on the hard disk 21. Thus once 
the user has selected the appropriate compression level, the 
froZen image compressed to the selected level can then be 
saved. With this method, the amount of data stored for each 
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image Will vary. The overall result Will be saved hard disk 
space While maintaining diagnostic quality. 

Alternatively the system operator may Wish to send the 
compressed image via a netWork to a DICOM compatible 
remote storage device. FIG. 2 generally depicts a simpli?ed 
system comprising an imaging system programmed to out 
put images in a compressed format via a transmitting 
netWork connection 24, a remote storage device 30 Which 
receive images from the imaging system via a receiving 
netWork connection 26, and a netWork 28 for connecting the 
transmitting netWork connection 24 to the receiving netWork 
connection 26. The netWork 28 may comprise a local area 
network, a Wide area network, a corporate intranet, the 
Internet, or any other netWork system, including a system of 
netWorks interconnected via gateWays. The netWork con 
nections each comprise a netWorking port and suitable 
netWorking softWare for formatting the data in accordance 
With the appropriate netWork protocol. In the example 
shoWn in FIG. 2, the sending device is an ultrasound 
imaging system (scanner) having the built-in capability to 
communicate With remote storage devices in conformance 
With the DICOM requirements, and the netWork 28 is a local 
area netWork having many other types of devices (not 
shoWn) connected thereto. For example, the netWork 28 may 
be connected to additional storage devices, printing devices, 
and imagers of different modalities. As used herein, the term 
“storage device” includes, but is not limited to, a picture 
archiving and communications system (PACS) having a 
vieWing station. The ultrasound imaging system partially 
depicted in FIG. 2 is of the same type depicted more fully 
in FIG. 1, With similar functional components designated by 
the same reference numerals. 

In order to accomplish DICOM image transfer to a remote 
storage device, the ultrasound imaging system must knoW 
the con?guration of that storage device prior to attempting 
to communicate With it. The con?guration data for the 
destination remote storage device is typically inputted to the 
ultrasound imager during softWare installation by a ?eld 
engineer, although any DICOM-compatible remote device 
can be con?gured at any time. When the imager receives an 
instruction to transmit data to a particular remote storage 
device from the system operator via the operator interface, 
the imager softWare converts the image data to be trans 
ferred into the DICOM format required by the destination 
remote storage device, based on the con?guration data for 
that storage device stored in imaging system memory. The 
imager also sends a request over the netWork to the desti 
nation remote storage device to open an association, i.e., to 
connect the imager to the destination remote storage device. 
If the remote storage device responds in the af?rmative, the 
imager and remote storage device then agree on Which 
device Will act as the server and Which as the client. The 
ultrasound imager also selects the appropriate encoding 
syntax from those accepted by the remote storage device. 
Other communication parameters are also negotiated. After 
the DICOM communications protocol has been settled, the 
association is opened and the imager attempts to send the 
DICOM-formatted image ?le (object) to the remote storage 
device via the netWork. The transfer is done in the back 
ground While scanning or other operator activities continue. 
Each image ?le is transferred singly in response to a Send 
request inputted by the operator. 

In accordance With a preferred embodiment of the 
invention, the host computer of the ultrasound imaging 
system is programmed With the capability to extract a froZen 
frame of digital image data from the cine memory, compress 
the image frame using a lossy compression technique, and 
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8 
then store the compressed image on the hard disk of the 
imaging system. The portions of the ultrasound imager 
involved in this process are generally depicted in FIG. 3. At 
the outset it should be appreciated that blocks 32, 34 and 36 
depicted in FIG. 3 are preferably, but not necessarily, 
implemented as softWare in the host computer (20 in FIG. 1). 
The operator interface in accordance With the preferred 

embodiment of the invention comprises a variable compres 
sion dial 32 that alloWs the system operator to manually vary 
the level of compression or the compression ratio While 
vieWing each compressed image. Preferably the dial is 
rotatable in equiangular increments through successive click 
positions. For example, for each click that the user turns the 
dial clockWise, the frame of image data Which Was froZen is 
compressed incrementally. Each compressed version of the 
froZen image is displayed on the screen 18. If the user 
over-compresses the image, then the user can turn the dial 
counter-clockWise, thereby reducing the level of compres 
sion in equal decrements. Alternatively, the level of com 
pression or the compression ratio could be set by manipu 
lating keys on a keyboard, by translating a calibrated sliding 
mechanism, by interacting With virtual, i.e., soft, keys of a 
graphical user interface, or any other user input device. 

In the system depicted in FIG. 3, commands inputted via 
the operator interface are detected and processed by a 
control platform 34, including clicks inputted via a rotary 
variable compression dial 32. Each time the rotary dial is 
clicked, the control platform 34 sends a control signal to the 
variable compression manager 36. The control signal 
includes a sign bit for indicating the direction of dial 
rotation, namely, clockWise or counterclockWise. The con 
trol platform 34 also advises the variable compression 
manager 36 When an image has been froZen. The variable 
compression manager 36 keeps track of the rotational posi 
tion of the rotary dial by counting the number of clicks, 
subsequent to the image being froZen, in the clockWise and 
counterclockWise directions. The position of the dial is set to 
Zero in the variable compression manager 36 When the 
image is froZen. 
The variable compression manager 36 converts each neW 

rotational position of the rotary dial into a level of compres 
sion value, Which is input to the data compression softWare 
module 38. Each time the rotary dial is clicked to a neW 
rotational position, the variable compression manager 36 
coordinates the transfer of the uncompressed image data of 
the froZen frame from the cine memory 16 to the data 
compression softWare module 38. The data compression 
softWare then compresses the froZen frame to a level of 
compression dictated by the compression level value 
received from the variable compression manager. The com 
pressed image is then stored in the cine memory, being 
Written over any previously compressed frame. This neWly 
compressed frame is also passed to the video processor 14 
for display on the monitor 18. 

In accordance With the preferred embodiment, for each 
compression level the data compression softWare com 
presses the copy of the froZen frame by a corresponding 
factory-determined amount using lossy compression. This 
factory-determined amount could be anything. HoWever, it 
is preferred that the incremental and decremental changes in 
the level of compression have the same magnitude for each 
click. In other Words, if the level of compression is to be 
changed in increments or decrements of 1%, then each click 
should represent a 1% change. Therefore, if the user turns 
the dial 5 clicks clockWise, then a 5% compression is 
applied. If the user then turns the dial counterclockWise one 
click (after the previous 5 clicks in the clockWise direction), 
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then a neW image is displayed With 4% compression applied. 
There Will only be at maximum tWo versions of the original 
froZen image in cine memory: the original and the most 
recently, i.e., neWly, compressed image. The user Will con 
tinue to turn the dial clockWise until the user thinks the 
froZen image is compressed to its maXimum amount While 
still shoWing diagnostic quality for the region of interest. At 
the time the user reaches adequate compression accompa 
nied by satisfactory diagnostic quality, the user can save the 
compressed image to the hard disk 21. 

In accordance With the preferred embodiment, the JPEG 
data compression technique is used. JPEG ?les can be 
decoded by special hardWare or by softWare. J PEG achieves 
a high compression rate by storing only the changes from 
one frame to another, instead of each entire frame. The 
image information is then encoded using a technique called 
Discrete Cosine Transform (DCT). DCT is a technique for 
representing Waveform data as a Weighted sum of cosines. 
DCT is commonly used for data compression. The JPEG 
data compression technology approximates some of the 
DCT coef?cients to reduce the amount of data, resulting in 
lossy compression since some data is removed. HoWever, 
the invention alloWs the user to select the maXimum loss of 
data Which still produces an image having suf?cient diag 
nostic quality. 

While the invention has been described With reference to 
preferred embodiments, it Will be understood by those 
skilled in the art that various changes may be made and 
equivalents may be substituted for elements thereof Without 
departing from the scope of the invention. In addition, many 
modi?cations may be made to adapt a particular situation to 
the teachings of the invention Without departing from the 
essential scope thereof. Therefore it is intended that the 
invention not be limited to the particular embodiment dis 
closed as the best mode contemplated for carrying out this 
invention, but that the invention Will include all embodi 
ments falling Within the scope of the appended claims. 
What is claimed is: 
1. An imaging system comprising: 
an image acquisition subsystem for acquiring frames of 
uncompressed image data; 

memory storing said acquired frames of uncompressed 
image data; 

a display subsystem for displaying images derived from 
said acquired frames of uncompressed image data; 

a ?rst user-operable input device for selecting one of said 
acquired frames of uncompressed image data from said 
memory; 

a second user-operable input device having respective 
positional states for selecting any one of a multiplicity 
of levels of data compression; 

a variable compression manager that converts each neW 
positional state of said second user-operable input 
device into a respective data compression value repre 
senting a respective selected level of data compression; 

a data compressor Which compresses the uncompressed 
image data in said selected frame as a function of each 
data compression value received from said variable 
compression manager to produce a respective frame of 
compressed image data; and 

a display processor for controlling said display subsystem 
to display each frame of compressed image data, 

Wherein said variable compression manager causes said 
selected acquired frame of uncompressed image data to 
be sent from said memory to said data compressor each 

10 

15 

25 

35 

40 

45 

55 

65 

10 
time a neW data compression value is sent to said data 
compressor, and further causes each successive frame 
of compressed image data to be sent from said data 
compressor to said memory, Where each successive 
frame of compressed image data is Written over the 
previous frame of compressed image data. 

2. The imaging system as recited in claim 1, further 
comprising a hard disk and a third user-operable input 
device for actuating storing said frame of compressed image 
data on said hard disk. 

3. The imaging system as recited in claim 1, further 
comprising a netWorking port and a third user-operable input 
device for actuating sending said frame of compressed 
image data to said netWorking port. 

4. The imaging system as recited in claim 1, Wherein said 
image acquisition subsystem comprises an array of ultra 
sound transducer elements. 

5. The imaging system as recited in claim 1, Wherein said 
user-operable input device comprises a rotary dial. 

6. The imaging system as recited in claim 5, Wherein said 
rotary dial has a multiplicity of discrete rotational positions, 
each one of said rotational positions corresponding to a 
different level of data compression. 

7. The imaging system as recited in claim 6, Wherein said 
different levels of data compression increase incrementally 
by a constant amount. 

8. The imaging system as recited in claim 5, Wherein said 
variable compression manager sets the current position of 
said rotary dial to a data compression value equal to Zero 
When an acquired frame of uncompressed image data is 
selected, and said data compressor increases the level of 
compression to be applied as said rotary dial is rotated in one 
direction and decreases the level of compression to be 
applied as said rotary dial is rotated in another direction 
opposite to said one direction. 

9. The imaging system as recited in claim 1, Wherein said 
data compressor employs a lossy compression technique. 

10. An imaging system comprising: 
an image acquisition subsystem for acquiring frames of 

uncompressed image data; 
memory storing said acquired frames of uncompressed 

image data; 
a display subsystem for displaying images derived from 

said acquired frames of uncompressed image data; 
a ?rst user-operable input device for selecting one of said 

acquired frames of uncompressed image data from said 
memory; 

a second user-operable input device having respective 
positional states for selecting any one of a multiplicity 
of levels of data compression; 

a computer programmed to perform the folloWing steps: 
converting each neW positional state of said second user 

operable input device into a respective data compres 
sion value representing a respective selected level of 
data compression; 

compressing the uncompressed image data in said 
selected frame as a function of each data compression 
value received from said variable compression man 
ager to produce a respective frame of compressed 
image data; 

controlling said display subsystem to display each frame 
of compressed image data; 

causing said selected acquired frame of uncompressed 
image data to be sent from said memory to said data 
compressor each time a neW data compression value is 
sent to said data compressor; and 



US 6,771,822 B1 
11 

causing each successive frame of compressed image data 
to be sent from said data compressor to said memory, 
Where each successive frame of compressed image data 
is Written over the previous frame of compressed image 
data. 

11. The imaging system as recited in claim 10, Wherein 
said image acquisition subsystem comprises an array of 
ultrasound transducer elements. 

12. The imaging system as recited in claim 10, Wherein 
said user-operable input device comprises a rotary dial. 

13. The imaging system as recited in claim 12, Wherein 
said rotary dial has a multiplicity of discrete rotational 
positions, each one of said rotational positions correspond 
ing to a different level of data compression. 

14. The imaging system as recited in claim 10, Wherein 
said data compression step employs a lossy compression 
technique. 

15. A method of storing image data, comprising the steps 
of: 

acquiring a ?rst frame of uncompressed image data; 
storing said ?rst frame of uncompressed image data in 
memory; 

adjusting the position of a manipulatable mechanism to a 
?rst setting; 

determining a ?rst level of data compression as a function 
of said ?rst setting; 

retrieving said ?rst frame of uncompressed image data 
from memory and compressing the image data in said 
?rst frame of uncompressed image data as a function of 
said ?rst level of data compression to produce a ?rst 
frame of compressed image data; 

Writing said ?rst frame of compressed image data into 
memory; 

displaying a ?rst image derived from said ?rst frame of 
compressed image data; 

10 

15 

25 

35 

12 
readjusting the position of the manipulatable mechanism 

to a second setting; 

determining a second level of data compression as a 
function of said second setting, said second level of 
data compression being different than said ?rst level of 
data compression; 

retrieving said ?rst frame of uncompressed image data 
from memory again and compressing the image data in 
said ?rst frame of uncompressed image data as a 
function of said second level of data compression to 
produce a second frame of compressed image data; 

Writing said second frame of compressed image data over 
said ?rst frame of compressed image data in memory; 
and 

displaying a second image derived from said second 
frame of compressed image data. 

16. The method as recited in claim 15, Wherein said 
adjusting step comprises the step of rotating a rotary dial. 

17. The method as recited in claim 15, Wherein said 
acquiring step comprises the steps of transmitting ultrasonic 
beams in a scan plane and detecting ultrasonic echoes 
returned from said scan plane. 

18. The method as recited in claim 16, further comprising 
the steps of increasing the level of compression to be applied 
as said rotary dial is rotated in one direction and decreasing 
the level of compression to be applied as said rotary dial is 
rotated in another direction opposite to said one direction. 

19. The method as recited in claim 18, Wherein the level 
of compression is increased by a prede?ned increment for 
each equal increment in the angle of rotation of said rotary 
dial in said ?rst direction. 

20. The method as recited in claim 15, Wherein said 
compressing step employs a lossy compression technique. 


